Expression of SERCA and phospholamban in rainbow trout (Oncorhynchus mykiss) heart: comparison of atrial and ventricular tissue and effects of thermal acclimation.
In the heart of rainbow trout (Oncorhynchus mykiss), the rate of contraction and Ca(2+) uptake into the sarcoplasmic reticulum (SR) are faster in atrial than ventricular muscle, and contraction force relies more on SR Ca(2+) stores after acclimation to cold. This study tested the hypothesis that differences in contractile properties and Ca(2+) regulation between atrial and ventricular muscle, and between warm-(WA) and cold-acclimated (CA) trout hearts, are associated with differences in expression of sarco(endo)plasmic reticulum Ca(2+) ATPase (SERCA) and/or phospholamban (PLN), an inhibitor of the cardiac SERCA. Quantitative PCR (SERCA only) and antibodies raised against SERCA and PLN were used to determine abundances of SERCA2 transcripts and SERCA and PLN proteins, respectively, in atrium and ventricle of trout acclimated to cold (+4°C, CA) and warm (+18°C, WA) temperatures. Expression of SERCA2 transcripts was 1.6 and 2.1 times higher in atrium than ventricle of WA and CA trout, respectively (P<0.05). At the protein level, differences in SERCA expression between atrium and ventricle were 6.1- and 23-fold for WA and CA trout, respectively (P<0.001). Acclimation to cold increased SERCA2 transcripts 2.6- and 2.0-fold in atrial and ventricular muscle, respectively (P<0.05). At the protein level, cold-induced elevation of SERCA (4.6-fold) was noted only in atrial (P<0.05) but not in ventricular tissue (P>0.05). The expression pattern of PLN was similar to that of the SERCA protein, but chamber-specific and temperature-induced differences were much smaller than in the case of SERCA. In the ventricle, PLN/SERCA ratio was 2.1 and 7.0 times higher than in the atrium for WA and CA fish, respectively. These findings are consistent with the hypothesis that low PLN/SERCA ratio in atrial tissue enables faster SR Ca(2+) reuptake and thus contributes to faster kinetics of contraction in comparison with ventricular muscle. Similarly, cold-induced decrease in PLN/SERCA ratio may be associated with faster contraction kinetics of the CA trout heart, in particular in the atrial muscle.